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(57) The present invention provides a machining-re- 
lated information generating apparatus, which speedily 
and correctly generates tool path data, and automatical- 
ly generates operation information required for machin- 
ing. The machining-related information generating ap- 
paratus comprises: a process/machining model data 
generating section (5) which extracts product character- 
istic data from CAD data, then generates process data, 
stock blank data and machining model data; a machin- 
ing-related information generating section (10) which 
generates tool path data on the basis of the process da- 
ta, the stock blank data, the machining model data and 
the like, then generates data of virtual workpiece con- 
figurations, and generates machining operation infor- 
mation data on the basis of the process data, the stock 
blank data, the tool path data and the virtual workpiece 
configuration data. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a machining- 
related information generating apparatus which auto- 
matically generates machining-related information in- 
cluding tool path data indicative of a tool traveling path 
and cutting conditions and other machining-related data 
to be used in an NC machine tool, and to a numerical 
controller having the machining-related information 
generating apparatus. 

Description of the Prior Art 

[0002] An apparatus for automatically generating tool 
path data has hitherto known, which employs a CAM 
(computer aided manufacturing) technique to generate 
the tool path data on the basis of product design data 
generated by CAD (computer aided design). 
[0003] The design data generated by the CAD (here- 
inafter referred to as "CAD data") includes configuration 
data indicative of the final configuration and dimensions 
of a product to be obtained after machining (e.g., coor- 
dinates data and mathematical expression data), and 
data indicative of dimension lines. After extracting the 
product configuration data from the CAD data, the tool 
path data generating apparatus receives data required 
for the generation of the tool path data, for example, data 
of configurational characteristics of the product indica- 
tive of whether the product has a round portion, a rec- 
tangular portion, a cylindrical portion, a prismatic por- 
tion, a convex surface or a concave surface and data of 
machining methods indicative of to-be-used tools and 
cutting conditions, which are inputted from an input de- 
vice by an operator. The tool path data generating ap- 
paratus generates the tool path data on the basis of the 
inputted data and the configuration data extracted from 
the CAD data. 

[0004] However, the conventional tool path data gen- 
erating apparatus is designed so that the operator inputs 
the data of the product configurational characteristics 
and the data of the machining methods required for the 
generation of the tool path data, thereby requiring much 
time for the data input and hence for the machining of 
the product. In addition, it is difficult to perfectly prevent 
human errors in the data input, resulting in production 
of defective products or damages to jigs and tools. This 
is a serious problem particularly in the case of machining 
for production of a uniquely customized product such as 
a mold. 

[0005] Where an NC machining program is generated 
on the basis of the tool path data generated by the tool 
path data generating apparatus and a machining oper- 
ation is performed on the basis of the NC machining pro- 
gram by an NC machine tool, the NC machine tool may 



fail to provides an expected result due to chattering of 
the tools and an overload during the machining. In such 
a case, it is necessary to perform time-consuming trou- 
ble-shooting and then correct the NC machining pro- 

5 gram. For the correction of the NC machining program, 
the tool path data generating process should retrospec- 
tively be performed from the initial stage thereof by the 
tool path data generating apparatus. This requires much 
time before outputting NC machining program again, 

10 thereby reducing the productivity with much downtime 
of the machine tool. 

[0006] In the conventional tool path data generating 
apparatus, the data of the to-be-used tools and the cut- 
ting conditions for the generation of the tool path data 

15 is inputted by the operator as described above. There- 
fore, the inputting operator has to preliminarily deter- 
mine the types of the tools and tool holders to be used 
and machining conditions such as tool settings (e.g., 
tool length), and a machining operator has to prepare 

20 the tools according to the machining conditions deter- 
mined by the inputting operator when actually perform- 
ing a machining operation. To this end, the inputting op- 
erator conventionally formulates a worksheet prescrib- 
ing the machining conditions (machining operation in- 

25 formation). 

[0007] However, the formulation of the worksheet re- 
quires much time, and it is preferred to streamline the 
worksheet formulating operation as much as possible to 
save the machining time. Particularly in the case of the 

30 machining forthe production of the uniquely customized 
product (e.g., mold) which often entails a great machin- 
ing loss, it is desirable to streamline the worksheet for- 
mulating operation. Further, human errors are liable to 
occur in the worksheet formulating operation, causing a 

35 serious accident. 

[0008] In view of the foregoing, it is an object of the 
present invention to provide a machining-related infor- 
mation generating apparatus which can speedily and 
correctly generate tool path data on the basis of CAD 

40 data and automatically generate machining-related in- 
formation required for actual machining, and to provide 
a numerical controller having the machining-related in- 
formation generating apparatus. 

45 SUMMARY OF THE INVENTION 

[0009] In accordance with the present invention to 
achieve the aforesaid object, there is provided a ma- 
chining-related information generating apparatus, 

50 which automatically generates machining-related infor- 
mation including tool path data indicative of tool 
traveling paths and cutting conditions and other machin- 
ing-related data to be used in an NC machine tool, the 
apparatus comprising: a process/machining model data 

55 generating section which extracts at least characteristic 
data indicative of three-dimensional configurational 
characteristics of a product from product configuration 
data generated by CAD, then generates process data 
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indicative of machining processes and machining areas 
for the respective machining processes on the basis of 
the extracted characteristic data, and generates stock 
blank data indicative of a configuration of a stock blank 
and machining model data indicative of machining mod- 
els for the respective machining processes; process/ 
machining model data storage section for storing therein 
the characteristic data, the process data, the stock blank 
data and the machining model data prepared by the 
process/machining model data generating section; tool 
database storing therein tool data related to tools; ma- 
chining condition database storing therein machining 
condition data indicative of cutting conditions according 
to stock blank materials and tool materials and machin- 
ing methods according to characteristic configurations; 
a machining-related information generating section 
which generates tool path data indicative of tools to be 
used in the respective machining processes, cutting 
conditions to be employed in the respective machining 
processes, machining methods to be employed in the 
respective machining processes and tool traveling 
paths to be employed in the respective machining proc- 
esses on the basis of the process data, the stock blank 
data and the machining model data stored in the proc- 
ess/machining model data storage section, the tool data 
stored in the tool database and the machining condition 
data stored in the machining condition database, then 
generates virtual workpiece configuration data indica- 
tive of workpiece configurations to be obtained after 
completion of the respective machining processes, and 
generates machining operation information data indica- 
tive of machining operation information on the basis of 
the process data, the stock blank data, the tool path data 
and the virtual workpiece configuration data; machining- 
related information storage section for storing therein 
the data generated by the machining-related informa- 
tion generating section : and output means for outputting 
the data stored in the machining-related information 
storage section to the outside. 

[0010] In the machining-related information generat- 
ing apparatus according to the present invention, the 
process/machining model data generating section ex- 
tracts only the configuration data required for the gen- 
eration of the tool path data from product design data 
generated by the CAD by excluding data such as indic- 
ative of dimension lines unnecessary for the generation 
of the tool path data, and then extracts at least the char- 
acteristic data indicative of the three-dimensional con- 
figurational characteristics of the product from the ex- 
tracted configuration data. The three-dimensional con- 
figurational characteristics herein indicate how the prod- 
uct is three-dimensionally configured, e.g., whether the 
product has a round portion, a rectangular portion, a cy- 
lindrical portion, a prismatic portion, a convex surface 
or a concave surface. 

[0011] Then, the process data indicative of the ma- 
chining processes and the machining areas for the re- 
spective machining processes are generated on the ba- 



sis of the extracted characteristic data. More specifical- 
ly, the machining areas are defined as corresponding to 
the respective characteristic configurations, and then 
machining processes (e.g., rough machining, semi-fin- 

5 ish machining or finish machining) are assigned to the 
respective machining areas. Alternatively, areas to be 
subjected to machining with the use of the same tool are 
regarded as a single machining area, and a machining 
process (e.g., rough machining, semi-finish machining 

10 or finish machining) is assigned to the machining area. 
The stock blank data indicative of the stock blank con- 
figuration and the machining model data indicative of the 
machining model configurations after completion of the 
respective machining processes are generated on the 

15 basis of the configuration data of the product. For deter- 
mination of the stock blank configuration and the ma- 
chining model configurations, finishing allowances in 
the respective machining processes are sequentially 
offset from a final product configuration. The character- 

20 jstic data, the process data, the stock blank data and the 
machining model data are stored in the process/machin- 
ing model data storage section. 

[0012] The machining-related information generating 
section generates the tool path data indicative of the 

25 tools to be used in the respective machining processes, 
the cutting conditions to be employed in the respective 
machining processes, the machining methods to be em- 
ployed in the respective machining processes, the tool 
traveling paths to be employed in the respective machin- 

30 ing processes on the basis of the process data, the stock 
blank data and the machining model data stored in the 
process/machining model data storage section, and the 
tool data stored in the tool database and the machining 
condition data stored in the machining condition data- 

35 base. The machining methods are herein intended to 
include machining modes such as contour line machin- 
ing, scanning line machining, circular interpolation, lin- 
ear interpolation and cutting directions, a feed pitch for 
repetitive machining in a predetermined machining cy- 

40 cle, and a machining sequence for machining in the re- 
spective machining areas. 

[0013] Further, the virtual workpiece configuration da- 
ta indicative of the workpiece configurations to be ob- 
tained after the completion of the respective machining 

45 processes are generated, and the machining operation 
information data indicative of the machining operation 
information is generated on the basis of the process da- 
ta and the stock blank data generated in the process/ 
machining model data generating section, the tool path 

50 data and the virtual workpiece configuration data. The 
machining operation information is herein intended to 
include at least one of tool information required for a pre- 
paratory operation , information indicative of use of a cut- 
ting fluid, and machining-related information such as 

55 cutting conditions, estimated machining times, tool wear 
amounts, tool life expectancies, and a workpiece con- 
figuration to be obtained after completion of machining. 
[0014] The tool path data and the machining opera- 
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tion information data thus generated are stored as the 
machining-related information in the machining-related 
information storage section and, as required, outputted 
to the outside on an image basis or a text basis in a 
displayed form or a printed form, or on an electronic data 
basis. 

[0015] In accordance with the present invention, there 
is no need for an operator to input the data of the char- 
acteristic configurations of the product and the data of 
the machining methods indicative of the to-be-used 
tools and the cutting conditions forthe generation of the 
tool path data, so that the data input time is obviated. 
Therefore, the tool path data can speedily be generated, 
thereby effectively speeding up the machining of the 
product. Further, human errors in the data input can be 
eliminated, thereby preventing production of defective 
products and damages to jigs and tools which may oth- 
erwise occur due to the input errors. The effect of the 
present invention is particularly remarkable in the case 
of machining for production of a uniquely customized 
product such as a mold. 

[001 6] The tool path data is herein intended to include 
data such as of tool traveling paths, tool rotation speeds 
and tool feeding speeds required for operating the NC 
machine tool, and means data which serves as a base 
for generating motion data required for executing an NC 
machining program and for directly driving a servo 
mechanism of the NC machine tool. 
[0017] Since the machining-related information in- 
cluding the information required forthe preparatory op- 
eration forthe machining can automatically be generat- 
ed, human errors in a worksheet formulating operation 
can be prevented to streamline the worksheet formulat- 
ing operation. By utilizing the machining-related infor- 
mation thus generated, the preparatory operation forthe 
machining can easily be performed in a shorter time. 
Further, a machining time can be estimated, so that an 
optimum time slot (daytime or nighttime) can be select- 
ed forthe machining. If a machining operation is expect- 
ed to be completed in a short time, the machining oper- 
ation may be performed during an operator-attended 
operation period and, after the completion of the ma- 
chining operation, the operator can perform the next 
workpiece machining operation or the next preparatory 
operation. Thus, the productivity can be improved. On 
the other hand, if a machining operation is expected to 
require much time, the machining operation may be per- 
formed during a nighttime non-attended operation peri- 
od. Further, the number of thetools required for the ma- 
chining and the machining time can be estimated, there- 
by making it possible to preliminarily calculate costs for 
the machining of the workpiece. Therefore, cost estima- 
tion can promptly be provided. 

[0018] The machining-related information generating 
apparatus may further comprise an NC machining pro- 
gram generating section which converts the tool path 
data generated by the machining-related information 
generating section into an NC machining program, 



which is in turn outputted to the outside. The machining- 
related information generating apparatus may further 
comprise a motion data generating section which con- 
verts the tool path data into motion data, which is in turn 

5 outputted to the outside. With this arrangement, the ma- 
chining program and the motion data thus generated 
can directly be inputted on-line to a numerical controller 
ofthe NCmachinetool, or inputted to the numerical con- 
troller with the use of a recording medium such as aflop- 

10 py disk. Thus, the generation of the tool path data can 
be carried out with no link-up to the NC machine tool, i. 
e.. on an off-line basis, so that the utilization factor of 
the NC machine tool can be increased. The motion data 
herein means data required for directly driving the servo 

15 mechanism of the NC machine tool. 

[0019] The tool path data thus generated may imme- 
diately be implemented and processed for the machin- 
ing. 



[0020] 

Fig. 1 is a block diagram illustrating the major con- 
struction of a numerical controller according to one 
embodiment of the present invention; 
Fig. 2 is a flow chart for explaining a process to be 
performed by a process/machining model data gen- 
erating section according to the embodiment; 
Fig. 3 is a flow chart for explaining a process to be 
performed by a machining-related information gen- 
erating section according to the embodiment; 
Fig. 4 is a diagram for explaining a process to be 
performed by a configuration data generating sec- 
tion according to the embodiment; 
Figs. 5 to 8 are diagrams for explaining a charac- 
teristic extracting process to be performed by the 
process/machining model data generating section 
according to the embodiment; and 
Figs. 9 to 17 are diagrams illustrating exemplary 
machining-related information to be generated by 
the machining-related information generating sec- 
tion according to the embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0021] With reference to the attached drawings, the 
present invention will hereinafter be described by way 
of a specific embodiment thereof. Fig. 1 is a block dia- 
gram illustrating the major construction of a numerical 
controller according to the embodiment of the present 
invention. 

[0022] As shown, the numerical controller 1 according 
to this embodiment includes processing sections such 
as a configuration data generating section 3, a process/ 
machining model data generating section 5, a tool/ma- 
chining condition database updating section 7, a ma- 
chining-related information generating section 1 0, a ma- 
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chining-related information rewriting section 13, a mo- 
tion data generating section 14 and an NC machining 
program generating section 16, storage sections such 
as a CAD data storage section 2, a configuration data 
storage section 4, a process/machining model datastor- 
age section 6, a tool database 8, a machining condition 
database 9, a machining-related information generation 
base data storage section 1 1 , a machining-related infor- 
mation storage section 12, a motion data storage sec- 
tion 15 and an NC machining program storage section 
1 7, and an input/output interface 1 8. which are intercon- 
nected via bus lines, and an input device 1 9 and an out- 
put device 20 connected to the input/output interface 1 8. 
Operating sections 21 of an NC machine tool as external 
devices are connected to the input/output interface 1 8. 
The respective components of the numerical controller 
1 will hereinafter be described in detail. 
[0023] The CAD data storage section 2 stores therein 
CAD data of a product inputted from the input device 1 9 
on an on-line basis or from a recording medium such as 
a floppy disk. The CAD data is prepared by means of a 
device separate from the numerical controller 1 of this 
embodiment, and includes design data indicative of the 
final configuration and dimensions of the product ob- 
tained after machining, for example, coordinates data 
and mathematical expression data for the product con- 
figuration, and data of a surface finish accuracy, a stock 
blank material and astockblankconfiguration. The CAD 
data generally includes data unnecessary for genera- 
tion of tool path data, e.g., data of dimension lines. 
[0024] The configuration data generating section 3 
extracts only data (e.g., configuration data) necessary 
for the generation of the tool path data from the CAD 
data stored in the CAD data storage section 2 by ex- 
cluding data (e.g., dimension line data) unnecessary for 
the generation of the tool path data. The configuration 
data extracted by the configuration data generating sec- 
tion 3 is stored in the configuration data storage section 
4. Fig. 4 shows an exemplary product configuration to 
be displayed in a visual form on the basis of the config- 
uration data stored in the configuration data storage 
section 4. As shown, the product (workpiece) 30 has an 
undulated surface 31 (free-form surface), a projection 
(pyramid) 32 provided on the undulated surface 31 , and 
a recess 33. 

[0025] The process/machining model data generating 
section 5 performs a process shown in Fig. 2. More spe- 
cifically, the process/machining model data generating 
section 5 reads the configuration data out of the config- 
uration data storage section 4 (Step S1), and picks out 
machining areas to be subjected to machining from ar- 
eas specified by the configuration data (Step S2). 
[0026] Then, three-dimensional configurational char- 
acteristics of the product in the machining areas are ex- 
tracted for generation of characteristic data (Step S3). 
This characteristic extracting operation includes two op- 
erations: a simple configuration extracting operation 
which is a relatively simple operation for extracting rel- 



atively simple configurational elements such as a cylin- 
drical shape and a prismatic shape in the machining ar- 
eas directly extracted from the configuration data; and 
free-form surface characteristic configuration extracting 

5 operation which is a relatively complex operation for ex- 
tracting characteristic configurations such as free-form 
surfaces in the machining areas which cannot directly 
be extracted from the configuration data. 
[0027] More specifically, the free-form surface char- 

10 acteristic configuration extracting operation is per- 
formed by an area projection method in this embodi- 
ment. In the extracting operation employing the area 
projection method, a virtual image constituted by a mul- 
tiplicity of minute triangles are projected onto a work- 
's piece surface obtained on the basis of the configuration 
data as shown in Fig. 5. Then, normal lines are defined 
on the workpiece surface as extending from the respec- 
tive minute triangular images formed on the workpiece 
surface, and the directions of the normal lines are ana- 

20 lyzed for the extraction of the configurational character- 
istics in the machining areas. Fig. 5 illustrates the virtual 
image projected on the workpiece 30 of Fig. 4. 
[0028] In the case of a truncated-conical portion 34 
as shown in Fig. 6, normal lines 35 radially extend there- 

25 from with no intersection. In the case of a vertical surface 
portion 36 as shown in Fig. 7, normal lines 37 extend 
therefrom parallel to each other. In the case of an in- 
clined surface portion 38 as shown in Fig. 8. normal lines 
39 extend therefrom at a certain angle with respect to 

30 the direction of the image projection. In the case of a 
concave portion, normal lines intersect with each other 
though not shown. Thus, the characteristic configura- 
tions in the machining areas can be determined by an- 
alyzing the directions of the normal lines. In the free- 

35 form surface characteristic configuration extracting op- 
eration, the characteristic configurations can be extract- 
ed in this manner. 

[0029] On the basis of the characteristic data thus 
generated, process data is generated which is indicative 

40 of machining processes and machining areas for the re- 
spective machining processes (Step S4). In this opera- 
tion, the machining areas are defined as corresponding 
to the respective characteristic configurations, and then 
machining processes (e.g., rough machining, semi-fin- 

45 jsh machining and finish machining) are assigned to the 
respective machining areas. Alternatively, areas which 
can be subjected to machining with the use of the same 
tool are regarded as a single machining area, and a ma- 
chining process (e.g., rough machining, semi-finish ma- 

50 chining orfinish machining) is assignedtothe machining 
area. 

[0030] Then, stock blank data indicative of a stock 
blank configuration and machining model data indica- 
tive of machining model configurations to be obtained 
55 after completion of the respective machining processes 
are generated on the basis of the product configuration 
data (Step S5). The characteristic data, the process da- 
ta, the stock blank data and the machining model data 
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thus generated are stored in the process/machining 
model data storage section 6 (Step S6). Thus, the proc- 
ess/machining model data generating section 5 com- 
pletes the process. 

[0031] The tool database 8 stores therein tool infor- 
mation including data indicative of the types (models, 
materials and the like) of tools and tool holders, dimen- 
sional data indicative of the diameters and lengths of the 
tools, and image data of the tools and the holders. The 
machining condition database 9 stores therein machin- 
ing condition data indicative of machining modes (e.g., 
machining methods such as contour line machining, 
scanning line machining, linear interpolation, circular in- 
terpolation and method for air-cut avoidance) according 
to characteristic configurations, cutting speeds preset 
for the respective tool types according to stock blank 
materials, cutting amounts for each turn of the tools and 
cutting allowances. The machining condition data is in- 
putted from the input device 1 9. 
[0032] The machining-related information generating 
section 10 generates tool path data and machining-re- 
lated information on the basis of the characteristic data, 
the process data, the stock blank data and the machin- 
ing model data stored in the process/machining model 
data storage section 6, the tool data stored in the tool 
database 8, and the machining condition data stored in 
the machining condition database 9. 
[0033] More specifically, the machining-related infor- 
mation generating section 10 performs a process as 
shown in Fig. 3. A counter n is initialized (n=1) in Step 
S11. Then, characteristic data, process data, pre-ma- 
chining model data (the stock blank data forthefirst ma- 
chining process) and post-machining model data for an 
n-th machining process are read out of the process/ma- 
chining model data storage section 6 in Step S12. 
[0034] The machining model data thus read is ana- 
lyzed to extract R-dimensions (radii) of round corner 
portions defined between adjacent pairs of faces of the 
product, and the minimum one of the R-dimensions is 
selected (Step S1 3). A tool diameter (which is not great- 
er than the minimum R-dimension) usable in the ma- 
chining process is determined on the basis of the mini- 
mum R-dimension, and then the tool database 8 is 
searched to determine a tool (including a tool holder) to 
be used in the machining process on the basis of the 
tool diameter thus determined and other dimensional 
data (e.g., the depth of a hole in the case of drilling) ob- 
tained from the machining model data. To-be-used tool 
data indicative of the to-be-used tool thus determined is 
stored for each of the machining processes in the ma- 
chining-related information generation base data stor- 
age section 11 (Step S14). 

[0035] Then, machining condition database 9 is 
searched to determine machining conditions forthe ma- 
chining process on the basis of theto-be-used tool data, 
the characteristic data, the process data and the stock 
blank data. Machining condition data indicative of the 
machining conditions thus determined is stored for each 



of the machining processes in the machining-related in- 
formation generation base data storage section 1 1 (Step 
S15). On the basis of the characteristic data, an opti- 
mum machining mode, cutting conditions and the like 

5 for each of the machining areas are determined and, 
where a machining cycle is repeatedly performed in the 
machining process, a feed pitch is determined on the 
basis of a finish surface roughness and the like. Where 
the same tool is used for machining in a plurality of ma- 

10 chining areas, a sequence of machining operations to 
be performed in the respective machining areas is de- 
termined so that the machining operations can sequen- 
tially be performed in the machining areas in consider- 
ation of a machining efficiency. 

15 [0036] The tool path data which includes data indica- 
tive of tool traveling paths, tool rotation speeds and tool 
traveling speeds is generated forthe respective machin- 
ing areas in accordance with the machining sequence 
on the basis of theto-be-used tool data, the character- 

20 jstic data, the process data, the stock blank data and the 
machining model data. The tool path data thus gener- 
ated is stored for each of the machining processes in 
the machining-related information generation base data 
storage section 11 (Step S16). 

25 [0037] A machining simulation is performed on the ba- 
sis of the tool path data thus generated to optimize the 
machining conditions, and workpiece configuration data 
indicative of a workpiece configuration (virtual work- 
piece configuration) obtained after completion of the 

30 machining process in the simulation is stored for each 
of the machining processes in the machining-related in- 
formation generation base data storage section 11 (Step 
S1 7). The stock blank data indicative of the stock blank 
configuration is also stored in the machining-related in- 

35 formation generation base data storage section 11 . 
[0038] On the basis of the data generated in the afore- 
said manner and stored in the machining-related infor- 
mation generation base data storage section 11. the 
amount of the wear of the tool, the time expected to 

40 lapse until the tool reaches a wear limit, the time expect- 
ed to be required for a preparatory operation for the ma- 
chining, the time expected to be required forthe machin- 
ing, and a machining cost estimated forthe machining 
process are calculated, and machining operation infor- 
ms mation data indicative of machining operation informa- 
tion including the estimation, the workpiece configura- 
tions (image-based information) before and after the 
machining process and set-up information (model and 
image-based information) is generated. The machining 

50 operation information data thus generated and the tool 
path data are stored as machining-related information 
in the machining-related information storage section 12 
(Step S18). 

[0039] The machining-related information generating 
55 section 10 performs the aforesaid process for the re- 
spective machining processes to generate the aforesaid 
data for the respective machining processes, and the 
machining-related information is stored for the respec- 
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tive machining processes in the machining-related in- 
formation storage section 12 (Steps S19, S20). Thus, 
the machining-related information generating section 10 
completes the process. 

[0040] Exemplary machining-related information to 
be generated by the machining-related information gen- 
erating section 10 is shown in Figs. 9 to 17. Figs. 9 to 
11 each show tool set-up information (tool preparation 
information) for a machining process (e.g., a rough ma- 
chining process, a semi-finish machining process or a 
finish machining process) in a table form, which includes 
workpiece images before and after the machining proc- 
ess, the types, makers, dimensions, images of a tool 
and a tool holder, a tool number and a offset number. 
Figs. 12 to 16 each show machining condition informa- 
tion for a machining process in a table form, which in- 
cludes a workpiece image after the machining process, 
atool number, tool dimensions, cutting conditions, a ma- 
chining method, a machining time and a tool wear 
amount. Fig. 1 7 shows in a table form the outline of the 
machining to be performed on the workpiece in the re- 
spective machining processes, which includes the work- 
piece images before and after the respective machining 
processes and machining operations to be performed in 
the respective machining processes. In view of such in- 
formation, an operator can promptly and correctly un- 
derstand the tools required for the respective machining 
processes, machining operations to be performed in the 
respective machining processes and the outline of the 
whole machining process. 

[0041] The motion data generating section 14 gener- 
ates motion data required for directly driving the servo 
mechanism and the like provided in the NC machine 
tool. More specifically, the motion data is generated on 
the basis of the tool path data stored in the machining- 
related information storage section 1 2. Then, the motion 
data thus generated is outputted to the operating sec- 
tions 21 of the NC machine tool via the input/output in- 
terface 18, and stored in the motion data storage section 
15. The operating sections 21 of the NC machine tool 
are driven on the basis of the motion data, whereby the 
workpiece is machined. 

[0042] The machining-related information rewriting 
section 13 changes the data stored in the machining- 
related information storage section 12. This is achieved 
by receiving data inputted from the input device 19. 
When the machining-related information is changed, the 
data stored in the tool database 8 and the machining 
condition database 9 is updated with the changed data 
by the tool/machining condition database updating sec- 
tion 7. With the data updating function, knowledge ob- 
tained by the actual machining can be reflected on the 
next machining. That is, a so-called learning function 
can be provided. Thetool/machining condition database 
updating section 7 is also adapted to receive data input- 
ted from the input device 1 9, and update the data stored 
in the tool database 8 and the machining condition da- 
tabase 9 with the inputted data. 



[0043] In this embodiment, the NC machining pro- 
gram generating section 16 is provided for generating 
an NC machining program on the basis of the tool path 
data generated in the aforesaid manner. The NC ma- 

5 chining program generating section 16 generates a 
commonly used NC machining program (e.g., in an ISO 
format) on the basis of the tool path data stored in the 
machining-related information storage section 12, and 
stores the generated NC machining program in the NC 

10 machining program storage section 17. 

[0044] The output device 20 includes a display de- 
vice, a printing device and a device for storing data in a 
recording medium such as a floppy disk. The data stored 
in the CAD data storage section 2, the configuration data 

15 storage section 4, the process/machining model data 
storage section 6, the tool database 8, the machining 
condition database 9, the machining-related information 
generation base data storage section 1 1 , the machining- 
related information storage section 12, the motion data 

20 storage section 1 5 and the NC machining program stor- 
age section 17 can be displayed on the display device, 
printed out by the printing device, and stored in the re- 
cording medium (e.g., floppy disk). After the data stored 
in the machining-related information storage section 12 

25 is displayed on the display device or printed out by the 
printing device, the operator can analyze the data for 
the correction of the data. Since the NC machining pro- 
gram can be stored in the recording medium, the NC 
machining program can be transported to a second NC 

30 machine tool via the recording medium for execution 
thereof on the second NC machine tool. 
[0045] As detailed above, the numerical controller 1 
according to this embodiment obviates the need for the 
operator to input the data of the characteristic configu- 

35 rations of the workpiece and the data of the machining 
methods indicative of the to-be-used tools and the cut- 
ting conditions, so that the data input time is obviated. 
Therefore, the tool path data can speedily be generated, 
thereby effectively speeding up the workpiece machin- 

40 jng. In addition, human errors in the data input can be 
eliminated, thereby preventing production of defective 
workpieces and damages to jigs and tools which may 
otherwise occur due to the input errors. The numerical 
controller is particularly advantageous in the case of ma- 

45 chining for production of a uniquely customized product 
such as a mold. 

[0046] Further, the machining-related information in- 
cluding information required for the preparatory opera- 
tion for the machining can automatically be generated, 

50 so that human errors in a worksheet formulating opera- 
tion can be prevented to streamline the worksheet for- 
mulating operation. By utilizing the machining-related 
information thus generated, the preparatory operation 
for the machining can easily be performed in a shorter 

55 time. Further, the machining time can preliminarily be 
estimated, so that an optimum time slot (daytime or 
nighttime) can be selected for the machining. If a ma- 
chining operation is expected to be completed in a short 
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time, the machining operation may be performed during 
an operator-attended operation period and, after the 
completion of the machining operation, the operator 
may perform the next workpiece machining operation or 
the next preparatory operation. Thus, the productivity 5 
can be improved. On the other hand, if a machining op- 
eration is expected to require much time, the machining 
operation may be performed during a nighttime non-at- 
tended operation period. Further, the number of tools 
required for the machining and the machining time can 10 
be estimated, making it possible to preliminarily calcu- 
late the costs for the machining of the workpiece. There- 
fore, cost estimation can promptly be provided. 
[0047] While the present invention has thus been de- 
scribed by way of the embodiment thereof, it should be 15 
understood that the invention is not limited to the em- 
bodiment. Although the machining-related information 
generating apparatus including the processing sections 
such as the configuration data generating section 3, the 
process/machining model data generating section 5, the 20 
tool/machining condition database updating section 7, 
the machining-related information generating section 
10, the machining-related information rewriting section 
13, the motion data generating section 14 and the NC 
machining program generating section 1 6, and storage 25 
sections such as the CAD data storage section 2, the 
configuration data storage section 4, the process/ma- 
chining model data storage section 6, the tool database 
8, the machining condition database 9, the machining- 
related information generation base data storage sec- 30 
tion 11 , the machining-related information storage sec- 
tion 12, the motion data storage section 1 5 and the NC 
machining program storage section 17 is incorporated 
in the numerical controller 1 of the NC machine tool in 
the embodiment described above, the machining-relat- 35 
ed information generating apparatus may be provided 
as a stand-alone apparatus separatef rom the numerical 
controller 1 . In this case, the input/output interface 18, 
and the input device 1 9 and the output device 20 con- 
nected to the input/output interface 18 are preferably 40 
provided in the machining-related information generat- 
ing apparatus. 



Claims 45 

1. A machining-related information generating appa- 
ratus, which automatically generates machining-re- 
lated information including tool path data indicative 
of tool traveling paths and cutting conditions and 50 
other machining-related data to be used in an NC 
machine tool, the apparatus comprising: 



generates process data indicative of machining 
processes and machining areas forthe respec- 
tive machining processes on the basis of the 
extracted characteristic data, and generates 
stock blank data indicative of a configuration of 
a stock blank and machining model data indic- 
ative of machining models for the respective 
machining processes; 

process/machining model data storage section 
(6) for storing therein the process data, the 
stock blankdata and the machining model data 
generated by the process/machining model da- 
ta generating section (5); 
tool database (8) storing therein tool data relat- 
ed to tools; 

machining condition database (9) storing there- 
in machining condition data indicative of cutting 
conditions according to stock blank materials 
and tool materials and machining methods ac- 
cording to characteristic configurations; 
a machining-related information generating 
section (1 0) which generates tool path data in- 
dicative of tools to be used in the respective ma- 
chining processes, cutting conditions to be em- 
ployed in the respective machining processes, 
machining methods to be employed in the re- 
spective machining processes and tool 
traveling paths to be employed in the respective 
machining processes on the basis of the proc- 
ess data, the stock blank data and the machin- 
ing model data stored in the process/machining 
model data storage section (6), the tool data 
stored in the tool database (8) and the machin- 
ing condition data stored in the machining con- 
dition database (9), then generates virtual 
workpiece configuration data indicative of 
workpiece configurations to be obtained after 
completion of the respective machining proc- 
esses, and generates machining operation in- 
formation data indicative of machining opera- 
tion information on the basis of the process da- 
ta, the stock blank data, the tool path data and 
the virtual workpiece configuration data; 
machining-related information storage section 
(12) for storing therein the data generated by 
the machining-related information generating 
section (1 0); and 

output means (20) foroutputting the data stored 
in the data storage section (12) to the outside. 

2. A machining-related information generating appa- 
ratus as set forth in claim 1 , further comprising: 



45 



a process/machining model data generating 
section (5) which extracts at least characteristic 55 
data indicative of three-dimensional configura- 
tional characteristics of a product from product 
configuration data generated by CAD, then 



an NC machining program generating section 
(16) which generates an NC machining pro- 
gram on the basis of the tool path data gener- 
ated by the machining-related information gen- 
erating section (10), 
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wherein the output means (20) outputs the NC 
machining program generated by the NC machining 
program generating section (1 6) to the outside. 

3. A machining-related information generating appa- 5 
ratus as set forth in claim 1 or 2, further comprising: 

a motion data generating section (14) which 
generates motion data required for driving a 
servo mechanism of the NC machine tool on 10 
the basis of the tool path data generated by the 
machining-related information generating sec- 
tion (12), 

wherein the output means (20) outputs the 15 
motion data generated by the motion data generat- 
ing section (14) to the outside. 

4. A numerical controller for controlling an operation 

of an NC machine tool on the basis of tool path data 20 
indicative of tool traveling paths and cutting condi- 
tions, the controller comprising: 

a machining-related information generating ap- 
paratus as recited in any of claims 1 to 3; and 25 
a process executing section which executes a 
process sequence on the basis of tool path data 
generated by the machining-related informa- 
tion generating section (1 0) to control the oper- 
ation of the NC machine tool. 30 



35 



40 



45 



50 
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TOOL 



0 20mmBEM 





MACHINING TIME 



0:15:35 



POCKET ROUGH MACHINING 1 



EXPECTED SURFACE ROUGHNESS 



100/im 



ACTUAL CUTTING DISTANCE 



3125mm 



NUNBER OF TIMES OF TOOL CONTACT 



13749 TIMES 



TOOL 



(t> 20mmBEM 





MACHINING TIME 



0:15:35 



POCKET ROUGH MACHINING 2 



EXPECTED SURFACE ROUGHNESS 



100 urn 



ACTUAL CUTTING DISTANCE 



3125mm 



NUNBER OF TIMES OF TOOL CONTACT 



13749 TIMES 



TOOL 



0 1€mmBEM 





MACHINING TIME 



0:30:35 



SEMI-FINISH MACHINING 



EXPECTED SURFACE ROUGHNESS 



lOjum 



ACTUAL CUTTING DISTANCE 



3125mm 



NUMBER OF TIMES OF TOOL CONTACT 



85236 TIMES 



TOOL 



<t> 1 0mmBEM 





MACHINING TIME 



0:50:20 



FINISH MACHINING 



EXPECTED SURFACE ROUGHNESS 



2^m 



ACTUAL CUTTING DISTANCE 



3125mm 



NUNBER OF TIMES OF TOOL CONTACT 



158674 TIMES 



Patent provided by Sughrue^ 0 ^ PLLC - http^/www.sughrue,corrt 



